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FN = 75-76, according to BONVICINO et al. 2000) from eastern Brazil, confirming that these taxa represent distinct species. The distribution of C. insidiosus ranges from the state of Sergipe southward to the state of Rio de Janeiro, including the eastern part of the state of Minas Gerais, whereas the distribution of C. spinosus is from the state of Espírito Santo southward to the state of Rio Grande do Sul, including Paraguay, northern Uruguay and northeastern Argentina (VOSS 2011) . Species level identification of porcupines is very difficult where they overlap, because species boundaries are poorly defined and there is strong phenotypic variation among specimens Here, we evaluated the geographic variation in hairy dwarf Coendou specimens from eastern Brazil to better understand species limits and intraspecific variation. We analyzed morphological and morphometrical variation across their distributional ranges, clustered specimens into groups, recorded diagnostic characters for these groups, and associated these groups with species names available in the literature.
MATERIAL AND METHODS
We analyzed 182 specimens of Coendou spp. (180 skulls and/or skins and two whole specimens in fluid) from eastern Brazil, which were housed in scientific collections (see Appendix for a complete list of specimens examined). We recorded all data on specimens' tags, including external measurements (TOL = total length, TAL = tail length, HFL = hind foot length, EAR = ear length, W = weight). Specimens examined are housed in the following collections in Brazil: Museu de Biologia Professor Mello Leitão, Santa Teresa, Espírito Santo (MBML); Museu de Ciências Naturais, Fundação Zoobotânica do Rio Grande do Sul, Porto Alegre, Rio Grande do Sul (MCNFZB); Museu de História Natural Capão da Imbuia, Curitiba, Paraná (MHNCI); Museu Nacional, Universidade Federal do Rio de Janeiro, Rio de Janeiro (MN); Museu de Zoologia, Universidade de São Paulo, São Paulo (MZUSP); Departamento de Ciências Biológicas, Universidade Federal do Espírito Santo, Vítória, Espírito Santo (UFES); Departamento de Zoologia, Universidade Federal de Minas Gerais, Belo Horizonte, Minas Gerais (UFMG). Geographic coordinates of collecting localities were obtained from specimens' tags, or from PAYNTER & TRAYLOR (1991) , VANZOLINI (1992) , and GEOBUSCA (2007) . We used ArcView 3.2 software (developed by ESRI 1992 ESRI -1999 to map collecting localities and to draw geographic distribution maps.
Specimens were classified into four heuristic ages (juvenile, sub-adult, adult, old adult). We considered maxillary tooth eruption, cranial bone sutures and pelage maturation (Figs 1-6), following VOSS & ANGERMANN (1997) , to decide on the stage of development. Eleven specific pelage characters were scored, in addition to general appearance. We collected one hair and one quill from the mesodorsal region of each specimen. We measured hair length (LH) and length of quill (LQ). These measurements were recorded using a caliper, to the nearest 0.01-mm. We analyzed the following fur characters: color of dorsal hair base; color of dorsal hair tip; presence of tricolor quills; position of tricolor quills; color proportions on tricolor quills; color of tricolor quill tip; color of vibrissae tip; color of ventral hair base; color of ventral hair tip; color of ventral bristles on the tail; proportion of colors of ventral bristles on the tail.
Twenty-two discrete cranial characters were analyzed and some of them were illustrated . We chose these cranial structures after observing marked variation on their morphology during a preliminary examination of some specimens. We followed MORAES-SANTOS (1997) for trait nomenclature: length of anterior nasal extremity compared to dorsal pre-maxillary extremity; inclination of nasal/pre-maxillary suture compared to maxillary toothrow; shape of nasal/frontal suture; presence of lacrimal spine; presence of parietal spine; angle formed by zygomatic arch in dorsal view; shape of incisive foramen; breadth of maxillary crest compared to palatine breadth; shape of mesopterygoid fossa; anteriormost position of mesopterygoid fossa compared to molar toothrow; size of sphenopalatine fossa; shape of infraorbital foramen; inclination of infraorbital foramen in lateral view compared to maxillary toothrow; length of gnathic process; number of canals in ethmoidal foramen; position of lacrimal/sphenoid suture compared to sphenofrontal foramen; depth of occipital condyle/ paraoccipital process depression; shape of occipital condyle/ paraoccipital process depression; breadth of basioccipital comparing to auditory bullae; shape of occipital ridge; size of subsquamosal fenestra; size of coronoid process.
Figures 1-6. Age categories of Coendou based on maxillary tooth eruption: (1-3) juvenile; (4) subadult; (5) adult; (6) old. Scale bar: 1.0 cm.
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We took 21 cranial measurements (Figs 13-16) using a digital caliper to the nearest 0.01 mm. Measurements follow VOSS & SILVA (2001) , except for length of auditory bulla (LAB, measured from the basioccipital suture to the extremity of the auditory bulla process), length of dentary (LDE, measured from posterior extremity of angular process to anterior margin of incisor alveolus) and height of dentary (HDE, distance from ventral extremity of angular process to posterior extremity of condyloid process), which were chosen after preliminary observation of potential variation among specimens. The remaining measurements are: LN -length of nasals, BB -breadth of braincase, LDlength of diastema, PZB -posterior zygomatic breadth, APBanterior palatal breadth, PPB -posterior palatal breadth, CILcondylo-incisive length, ZL -zygomatic length, BNA -breadth of nasal aperture, HIF -height of infraorbital foramen, LIFlength of incisive foramen, BIF -breadth of incisive foramen, BIT -breadth of incisor tips, DI -depth of incisor, MTR -maxillary toothrow length, LM -length of molars, BP4 -breadth fourth pre-molar, BM1 -breadth of first molar.
Only adult specimens (including both adult and old adult age categories) were used in the analyses of morphological and morphometric characters. In addition, we only included specimens with known specific collecting localities. We analyzed males and females together because of small sample sizes, and
Figures 7-12. Cranial morphology of Coendou: (7-8) dorsal view; (9-10) ventral view; (11-12) lateral view. (ZA) Zygomatic arch weakly arched (7) or strongly arched (8), diagonal (11) or perpendicular compared to maxillary toothrow (12); (NFS) naso/frontal suture "U"-shaped (7) and "V"-shaped (8); (PS) parietal spine present (7); (LS) lacrimal spine present (8); (IF) incisive foramen fusiform (9) and ovate (10); (BO) basioccipital narrow (9) and wide (10); (AMM) mesopterygoid fossa "U"-shaped (9) or trapezoidal (10) and reaching level of 2 nd and 3 rd molars (9-10); (SPF) sphenopalatine fossa evident (9); (GP) gnatic process long (11) and short (12); (SR) sagittal ridge delicate (11) and robust (12); (SSF) subsquamosal fenestra evident (12). Scale bar: 1.0 cm. 
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after considering that we had found no sexual dimorphism in a few samples examined in previous exploratory analyses. We first classified specimens with skull and skin into groups based on pelage characters, so that members of each group shared the same pelage characters. We then used cranial morphology to look for diagnostic cranial characters for each group. The software PAST (developed by HAMMER et al. 2001 ) was used to analyze morphometric data. In these analyses, we included measurements of four C. insidiosus specimens (including the holotype of Hystrix insidiousus) from VOSS & ANGERMANN (1997) . For each group, we calculated basic descriptive statistics for each measurement: mean, standard deviation (sd), range, and sample size. We checked for normality using Kolmogorov-Smirnov test and we used only variables with normal distributions in the remaining statistical analyses. Measurements were transformed to base 10 logarithms for the multivariate statistical analyses (according to SOKAL & ROHLF 1995) .
Discriminant function analysis was used to investigate how morphometric cranial data discriminate the groups designated a priori. In this analysis, we included only specimens that had data for all cranial morphometric variables, except those variables that are absent or incomplete in VOSS & ANGERMANN (1997: LN, LAB, BNA, LIF, BIF, LDE, LH). We used only specimens with skull and skin preserved to generate discriminant functions because the a priori group classification 
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was based on pelage characters. The t-test was employed to check for significant differences of variable means between pairwise groups, using a p-level of 5% (p < 0.05). We also used analysis of variance (ANOVA) to check for significant differences of variable means among all groups, using a p-level of 5% (p < 0.05). We used principal component analysis (PCA) to reduce data redundancy, to find possible morphometric clusters in the sample, and to view multivariate trends. A Euclidean distance matrix with geographic distances among collecting localities was generated using the software PAST (developed by HAMMER et al. 2001) . We also generated distance matrices for cranial morphometric variables as a whole (multivariate), and for each cranial variable individually (univariate). These matrices were generated for the total sample and for each group of specimens separately. We tested the correlation between geographic distance and morphometric distance for the total sample and for each group individually using the Mantel test, described in SOKAL & ROHLF (1995) . We did 1,000 random runs using the software. We considered significant plevels below 2.5% and above 97.5% (p < 0.025 and p > 0.975), because the Mantel test is two-tailed.
RESULTS
We found ample phenotypic variation in pelage characters among individuals of Coendou ranging from the state of Bahia to the state of Rio Grande do Sul, eastern Brazil (Fig. 17) . The dorsal hair base varies among pale, light-brown and darkbrown, and dorsal hair tips are grayish, pale, yellow, orange, light-brow or dark-brown. When present, tricolor quills can be found on the head only, from head to the shoulders, along the mesodorsal or lumbar regions. We found two color patterns in tricolor quills: yellow base longer than equally sized black middle, and orange tip; or equally sized yellow base and black center, both longer than orange tip . Some specimens had yellow-tipped quills. Vibrissae tip color varies among grayish, yellow, light-and dark-brown. Ventral hair base is either light or dark-brown, whereas hair tip varies among pale, yellow, orange, and dark-brown. The base of the ventral tail bristles is always dark-brown, whereas its tip varies among pale, yellow, orange and dark-brown. We found three color patterns in the ventral bristles of the tail: equally sized basal and apical portions; basal portion twice the length of apical portion; basal portion three times longer than apical portion.
We separated specimens into three groups based on the general aspect of the pelage. These three groups are geographically structured, and we named them accordingly as Northern, Central, and Southern groups . We then evaluated which specific pelage characters could be used to diagnose these groups (Tab. II).
The main diagnostic character of specimens of the Northern group is the presence of many slender and almost straight unicolored dorsal hairs, covering both dorsal and lateral quills homogeneously. These hairs hide the quills and give a regular texture to the pelage. Many specimens of the Northern group have light dorsal pelage, with uniformly pale ( are either uniformly dark-brown or have pale or yellow tips. Specimens of the Northern group range from Salvador, in the state of Bahia, to the central region of the state of Espírito Santo, extending west into northeastern state Minas Gerais (Fig. 17) .
Specimens of the Central group can be diagnosed by the presence of many bicolored dorsal hairs, which are longer, thicker, and wavier than those in members of the Northern group. These hairs cover the dorsal and lateral quills homogeneously, and give the pelage a shaggy aspect. The color of the dorsal hair base is always dark-brown in members of the Central group, and the hair tips range among grayish (Figs 24 and of the quill is longer than the black and orange bands in almost every mesodorsal quill (Fig. 19) . The ventral bristle tips on the tail are usually orange, and sometimes yellow. Individuals of the Central group have been collected from the central region of the state of Espírito Santo to the state of Rio Grande do Sul, extending into eastern state of Minas Gerais (Fig. 17) .
Members of the Southern group have few bicolored dorsal hairs covering both dorsal and lateral quills. Their dorsal hairs are very similar to those from members of the Central group. These hairs do not cover the dorsal surface homogeneously, forming sparse tufts. Thus, dorsal color variation in members of the Southern group is caused mainly by variation of quill color, in contrast with individuals of the other two groups, in which dorsal color patterns are mainly due to variation of hair color. The dorsal color of members of the Southern group varies among darkish (Figs 26 and 27), yellowish (Figs 38 and 39), and orange (Figs 40 and 41) . Tricolored quills are present in every specimen examined, and they cover the dorsal surface completely. The yellow and black bands are equally sized and longer than the orange tip on mesodorsal quills, but some specimens have yellow-tipped quills (Fig. 21) . The tips of the ventral bristles on the tail are usually yellow, but some specimens have orange tips. The Southern group ranges from the northeastern portion of the state of São Paulo to the state of Rio Grande do Sul (Fig. 17) .
We also identified great variation in cranial morphology among Coendou specimens. No cranial character alone is diagnostic for any group, and many cranial structures show variation in character states along thegeographic distribution of the species. The anterior nasal extremity is either short or long compared to the dorsal pre-maxillary extremity in individuals of the Central and Southern groups, being short in all specimens from the Northern group (Tab. II). The nasal/pre-maxillary suture is usually diagonal compared to maxillary toothrow, but it is horizontal in some individuals. The nasal/frontal suture is usually "U"-shaped (Fig. 7) , but it is sometimes "V"-shaped (Fig. 8) . Lacrimal and parietal spines are either present or absent (Figs 7 and 8) . The lacrimal spine is present in many individuals from the Central and Southern groups, but it is present in only one specimen from the Northern group (Tab. II). Zygomatic arch can be curved or not in dorsal view (Figs 7 and 8) . The incisive foramen is either ovate or fusiform (Figs 9 and 10). The maxillary crest ranges from narrower to wider than the palatine. The mesopterygoid fossa is usually "U"-shaped (Fig. 9) or trapezoidal ( Fig. 10 ), but it is "V"-shaped in some individuals. The mesopterygoid fossa is either posterior or anterior to the contact of the third and second molars. The sphenopalatine fenestra is either subtle or evident (Fig. 9) . The infraorbital foramen is either triangular or ovate in anterior view. The infraorbital foramen can be perpendicular or diago- and 12). The ethmoidal foramen is usually formed by a single canal, but a double canal is found in some individuals. The lacrimal/sphenoid suture ranges from far from, to near or fused to, the sphenofrontal foramen. The occipital condyle/ paraoccipital process depression is usually deep and "U"-shaped, but it is sometimes flat and "V"-shaped. The basioccipital is either wide or narrow compared to the auditory bulla (Figs 9 and 10), and the occipital ridge is either delicate or robust (Figs 11 and 12) in the Northern and Central groups, but it is usually robust in the Southern group (Tab. II). The subsquamosal fenestra is either minute or evident (Fig. 12) , and the coronoid process ranges from short to long. The discriminant function analysis based on cranial measurements supported the groups designated a priori using only pelage characters. All specimens used for generating the discriminant function (n = 58) were correctly classified a posteriori. The first discriminant function (DF 1) contributed 68.36% to the variation and segregated specimens from the Northern and Southern groups, whereas the Central group was intermediate (Fig. 42) . The second discriminant function (DF 2) contributed 31.64% and was not successful in clustering the three groups. We used the discriminant functions to classify specimens preserved as skulls only into each group, and included them in subsequent statistical analyses as members of those groups.
The first principal component (PC 1) explains 27.57% of the variation and the second principal component (PC 2) explains 12.19% (Fig. 44) . All variables contributed positively to PC 1, except length of dentary (Fig. 44) . Thus, the first principal component is related to variation in cranial size. The variables that most contributed to PC 1 were condylo-incisive length (0.840), zygomatic length (0.767), maxillary toothrow length (0.708), and breadth of incisive foramen (0.693). The
The t-test and ANOVA showed significant differences among groups for most external and cranial measurements (Tab. III). Four measurements are significantly different among the three groups simultaneously using both t-test and ANOVA: posterior zygomatic breadth (PZB), maxillary toothrow length (MTR), length of quills (LQ), breadth of nasal aperture (BNA). In the first three of these measurements, values from the Northern group are smaller than those from the Central group, which are in turn smaller than those from the Southern group. This was the general trend for most measurements (Fig. 43) . Using ANOVA , we found significant differences in five measurements : breadth of incisive foramen (BIF), length of dentary (LDE), total length (TOL), tail length (TAL) and hind foot length (HFL). In spite of similar external measurements, specimens of the Northern group have shorter and narrower skull, auditory bullae, zygomatic bones, nasal aperture, maxillary toothrow, molars and hairs, shorter quill, and narrower incisors than members of the Central group. Specimens of the Central group have shorter dentary, maxillary toothrow, and quills, narrower skull, incisive foramen, posterior palatal region, fourth pre-molars and first molars when compared to specimens from the Southern group. The Southern group is characterized by longer body, tail, and feet, and heavier body when compared to the Central group. other principal components had both positive and negative variable contributions (Figs 1-6) , and are thus related to variation in cranial shape.
The principal component analysis showed no evident grouping among specimens of Coendou in any principal component combination. Nevertheless, specimens of the Northern group are negatively distributed along PC 1, whereas most members of the Southern group are positively distributed along this axis, and members of the Central group fell between them. This confirms that specimens from the Northern group are smaller than those from the Central group, which are in turn smaller than members of the Southern group. The Mantel test showed a significant positive correlation between geographic distance and phenetic distance of most cranial measurements (BB, PZB, CIL, ZL, BIF, BIT, MTR, LM, BP4, BM1), both individually and when all specimens were analyzed together (Tab. IV). Using the same dataset, we also found a positive significant correlation between geographic distance and phenetic distance variation when all cranial variables were considered together. When we used the Mantel test to analyze test differences by group, we found a positive significant correlation between geographic distance and only two cranial measurements individually (BIT and MTR) in the Northern group. The other groups showed no significant positive correlation among matrices. ELLERMAN (1966) suggested that cranial characters are not efficient in distinguishing species of Coendou because of the high level of intraspecific variation. The present study confirms such claim by showing the disparity in skull morphology among a representative sample of specimens of Coendou from eastern Brazil. None of the discrete cranial characters scored could be used alone to diagnose the groups defined by pelage characters, although these groups were later supported by discriminant function analysis based on cranial measurements.
DISCUSSION
The principal component analysis demonstrated that skull size (represented by PC 1) is more important than skull shape (represented by other principal components) for distinguishing among groups. MARROIG & CHEVERUD (2005) proposed that changes in skull size occur before changes in skull shape. Morphometric cranial alterations may represent a source for speciation, even if these alterations are non-adaptive (MARROIG & CHEVERUD 2005) . Size changes in body structures need some morphological adjustment to function efficiently (MARROIG & CHEVERUD 2004) , then becoming adaptive.
Mantel tests revealed a positive significant correlation between geographic distance and phenetic distance when all specimens of Coendou were analyzed together, but not when each of the three groups was evaluated separately. Studies evaluating the constancy or proportionality of genetic and phenotypic correlation matrices for morphological traits suggest that phenotypic patterns are generally a good estimate of their genetic counterparts (see MARROIG & CHEVERUD 2001) . Thus, assuming that phenotypic differences among each group of specimens are largely a consequence of their genotypes, genotypic variation is correlated with geographic distance when all specimens of Coendou from eastern Brazil are taken into ac- 
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ZOOLOGIA 2X (X): XXX-XXX, WWWWW, 201X count, suggesting isolation by distance, but not within the three groups, which indicates gene flow within these groups. The external morphological characters of the Northern group fit the description of C. insidiosus given by VOSS & ANGERMANN (1997): a small hairy porcupine with short bicolor mesodorsal quills (30-35 mm) that are concealed by long, soft, pale or pale-based fur; ventral surface covered exclusively with short fur; uniformly darkish vibrissae and ventral bristles on the tail. We used skull measurements from VOSS & ANGERMANN (1997) in our morphometric analyses, including those from the holotype of C. insidiosus, and found them to fit better the members of the Northern group (see Fig. 42 ). In our sample, representatives of the Northern group have the shortest maxillary toothrows (MTR) and molars (LM), which are significantly different from the other two groups, confirming a diagnostic trait of C. insidiosus (VOSS & ANGERMANN 1997) . The type locality of C. insidiosus is Salvador, state of Bahia, Brazil as defined by VOSS & ANGERMANN (1997) , and it falls within the range of the Northern group. EMMONS & FEER (1997) suggested that the hair of C. insidiosus varies from grayish to brown. We found uniformly dark-brown hairs in specimens of the Northern group (Figs 30 and 31) from Ilhéus, state of Bahia, and Santa Teresa, state of Espírito Santo, which had no tricolor quills. MOOJEN (1952) and VOSS & ANGERMANN (1997) suggested that specimens with these characters might belong to C. affinis. These authors, however, emphasized the presence of orange-tipped tricolor quills on the head, nape, and shoulders of C. affinis. Recently, VOSS (2011) listed C. affinis as a synonym of C. spinosus. Although we found no specimen with both dark-brown dorsal pelage and tricolor quills, we recorded two animals with light-brown and pale dorsal pelage with tricolor quills on the head, nape, and shoulders, which were collected at Caravelas, state of Bahia, and São Mateus, state of Espírito Santo. They also show yellow-tipped ventral bristles on the tail, a diagnostic character of C. affinis (VOSS & ANGERMANN 1997) . We thus raise the possibility that C. affinis might be a phenotypic variant of C. insidiosus, and not C. spinosus as suggested by VOSS (2011). Unfortunately, the type of C. affinis is a mounted skin only, and the type locality is indefinite, therefore the application of this name is likely to remain problematic (VOSS 2011). HUSSON (1978) argued that C. melanurus (type locality: Barra, Rio Negro, Amazonas, Brazil) is a junior synonym of C. insidiosus, as suggested by CABRERA (1961) . EMMONS & FEER (1997) pointed out that C. melanurus occurs in northern Amazonia (Brazil, Colombia, Venezuela, Suriname, Guyana and French Guiana) . After analyzing the type series of C. melanurus, VOSS &ANGERMANN (1997) argued that specimens are externally and cranially longer than C. insidiosus. In addition, C. melanurus has thickly streaked yellow or ivory-white dorsal pelage, a striking effect caused by the admixture of predominantly blackish wool hairs with much longer, coarser, pale-tipped guard hairs (VOSS & ANGERMANN 1997) . We found no specimen that fits this description among individuals of Coendou form eastern Brazil. Thus, we agree that C. melanurus is distinct from C. insidiosus, as proposed by several authors (TATE 1935 , MOOJEN 1952 , ELLERMAN 1966 , HANDLEY & PINE 1992 , EMMONS & FEER 1997 , VOSS & ANGERMANN 1997 , EISENBERG & REDFORD 1999 , WOODS & KILPATRICK 2005 .
According to EMMONS & FEER (1997) , C. insidiosus ranges from the Northern state of Espírito Santo to the coast of Bahia. Although OLIVER & SANTOS (1991) reported this species from the state of Sergipe to the northern part of the state of Rio de Janeiro, they based their work on interviews, sightings, and signs in addition to vouchers, and the correct identification of Coendou species is very uncertain without voucher specimens. We recorded C. insidiosus (the Northern group) from the northern coast of the state of Bahia to central state of Espírito Santo, reaching the northeastern portion of the state of Minas Gerais (Fig. 17) . In addition to museum records, there are pictures of C. insidiosus (Rivelino T. S. Galvão, pers. comm.) from Parque Estadual Paulo César Vinha, southern state of Espírito Santo. These data show (1823) distinguished these two species by the presence of several long and thick hairs that completely coverthe dorsal and lateral quills in the former, but not in the latter (see also MOOJEN 1952), as their species names imply. These long and thick hairs are evident in the Central group, and assuming that C. villosus and C. spinosus are distinct species (following CUVIER 1823 , HUSSON 1978 , and WOODS & KILPATRICK 2005 , the appropriate name for our Central group might be C. villosus. However, considering that the holotype of C. villosus is actually lost and its type locality is unknown (VOSS 2011), the application of this name is problematic and should be avoided until future research clarifies its identity.
The general color of the dorsal pelage in Coendou results from the combination of independent factors, mainly hair base color, hair tip color, quill color, and ratio of color bands on quills. The number of possible combinations among these factors is responsible for the large phenotypic variation in the body color of specimens, which explains historical difficulties in species identification. We found that some specimens of C. spinosus have light-brown hair tips (Figs 36 and 37) , and that most of them have orange bristle tips on the ventral part of the tail. Hairs and quills of specimens of the Central group are longer than those of C. insidiosus, confirming VOSS & ANGERMANN's (1997) observations for C. spinosus. The tricolor quills cover from the head to the mesodorsal or lumbar region in C. spinosus, and their yellow band is longer than the black and orange bands (Fig. 19) . In addition to longer maxillary toothrows and molars, C. spinosus has longer and wider skulls, auditory bullae and zygomatic arch, larger nasal apertures, and wider incisors than C. insidiosus.
Based mainly on pelage color, EMMONS & FEER (1997) described a specimen collected in the state of Espírito Santo as a possible hybrid between C. spinosus and C. insidiosus, and suggested that this region could represent a hybrid zone of these species. On the other hand, VOSS & ANGERMANN (1997) stated that this specimen is a subadult C. spinosus, because of the presence of tricolor quills, darkish-based dorsal hairs, bicolored vibrissae and ventral bristles on the tail, and maxillary toothrow longer than C. insidiosus. The phenotypic variation found in the present study indicates that the specimen described by EMMONS & FEER (1997) is indeed C. spinosus, especially considering the darkish-based dorsal hairs and large maxillary toothrow.
One of the junior synonyms of C. spinosus is C. sericeus from the type locality São João do Monte Negro, 28° S, state of Rio Grande do Sul, Brazil (CABRERA 1961 , WOODS & KILPATRICK 2005 . According to MOOJEN (1952) , C. sericeus has many dorsal hairs with dark-brown base and whitish tip covering blackbased, yellow-tipped quills. This form is likely a phenotypic variant of C. spinosus, because it has many long dorsal hairs completely covering the quills. However, we cannot confirm the taxonomic status of C. sericeus based on our data. Although we found some specimens of C. spinosus with dark-brown based, whitish (grayish) tipped dorsal hairs, none of them had black based, yellow tipped quills. The specimen described by CUVIER as C. spinosus showed few dorsal hairs covering dorsal and lateral quills (see MOOJEN 1952) . This is a key feature we found in the Southern group, because their quills are long and reach nearly the same length as most dorsal hairs.
The specific epithet paragayensis is unavailable because OKEN (1816) is a non-Linnaean work (VOSS & ANGERMANN 1997) . But EMMONS & FEER (1997) illustrated C. paragayensis as a small porcupine with the dorsal surface yellowish anteriorly, and darkbrown around the lumbar region, which is dominated by long yellowish or yellow-tipped quills. We found specimens with these characters among members of the Southern group (Figs  38 and 39 ). Coendou spinosus usually shows tricolor quills that completely cover the dorsal surface. These quills have equallength yellow and black bands, which are longer than the orange band (Fig. 20) . Some specimens have yellow-tipped quills (Fig. 21) . The ventral bristle tips on the tail are usually yellow.
MOOJEN (1952) also described C. spinosus as having the dorsal surface dominated by quills and an orange coloration. He wrote about C. roberti, known only from the type locality (Roça Nova, Serra do Mar, railway between Paranaguá and Curitiba, state of Paraná, Brazil), which has few hairs covering the dorsal yellowish quills. MOOJEN (1952) also described C. nigricans (type locality: Brazil) as having darkish dorsal pelage and few hairs covering the dorsal and lateral quills. We found specimens that fit the above descriptions and also some intermediary forms among C. spinosus (38) (39) (26) (27) respectively) . Therefore, our data is in agreement with the ideas that C. roberti and C. nigricans are phenotypic variants and therefore should be treated as junior synonyms of C. spinosus (VOSS 2011) .
According to WOODS & KILPATRICK (2005) , C. spinosus is distributed in Paraguay, eastern and southern Brazil, Uruguay, and northeastern Argentina. We recorded specimens in Brazil from the state of Espírito Santo to the state of Rio Grande do Sul, extending into eastern state of Minas Gerais (Fig. 17) . The northernmost record is at Povoação, Linhares, on the coast of the state of Espírito Santo, a few kilometers north of the mouth of Rio Doce, indicating sympatry between C. spinosus and C. insidiosus in the state of Espírito Santo. Given that their distributions overlap, the possibility of hybrids between these two species (EMMONS & FEER 1997) mentioned above cannot be completely discarded.
In southern Brazil, C. spinosus from the Central group were found along the coast, whereas most specimens of the Southern group were collected mostly inland. The latter group occupies the southernmost range, and consequently the coolest environment among eastern Brazilian porcupines, despite having the least dense fur when compared to specimens of the Northern and Central groups. These data contradict HANDLEY & PINE (1992) , who suggested that the amount and length of hairs covering the dorsal quills should increase with increasing latitudes (and decreasing temperatures). This geographic variant of C. spinosus might have evolved other physiological mechanisms to compensate for its scarce hair.
In conclusion, we found three spatially coherent, morphologically distinct groups, diagnosable using a combination of discrete morphological characters, and supported by univariate and multivariate statistical analyses. We classified members of the Northern group as C. insidiosus, which are cranially and externally smaller than the other two groups, and have shorter hairs and quills. Specimens of the Central group are intermediate in terms of body size, and fit the description of C. spinosus, which have thick hairs covering the dorsal and lateral quills. The Southern group has the largest body size and we classified it as a geographic variant of C. spinosus based on the conspicuous presence of large quills on the dorsal surface.
